


 

Gen-IV research in Finland 

  
Professor Riitta Kyrki-Rajamäki 
rkyrki@lut.fi 

LUT Energy, Laboratory of Nuclear Engineering 
Lappeenranta University of Technology 
P.O. BOX 20 
FI-53851 Lappeenranta 

NOMAGE4 in Halden, Oct. 31 ς Nov. 1, 2011 



Why Gen-IV research in Finland 

 

− Research on design of new reactor types is effective education 

 

− Research on crosscutting issues will benefit both Gen-IV and Gen-III 
reactors 

 

− State-of-the art inhouse computational methods traditionally developed and 
utilized in Finland 

 

− Finnish industry is interested to know about the new application possibilities 
of nuclear energy as well as about the sustainable fuel purchase during the 
long period Finland is committed in use of nuclear energy  

 

− Participation in the international cooperative research work to guarantee the 
safety and non-proliferation properties of the new reactor types 



Finnish contribution in Gen-IV research 

 

− Finland is GIF participant via Euratom 

− Active in Sustainable Nuclear Energy Technology Platform (SNE TP) 

− Active in Euratom FP7 research projects 

 

− GEN4FIN network: Aalto, LUT, STUK, MEE, VTT and various industrial 

partners ( http://virtual.vtt.fi/virtual/gen4fin/ )  

− Finnish share of JHR material testing reactor (2 %) 

 

− Research funded by the Academy of Finland 

− NETNUC project 2008-2011 

− YTERA  doctor school 2012-2015 

http://virtual.vtt.fi/virtual/gen4fin/


NETNUC Project 2008-2011 

− New Type Nuclear Reactors (NETNUC) 

project funded by the Academy of Finland 

was launched in 2008 by a consortium 

consisting of Lappeenranta University of 

Technology (LUT), Aalto University and 

VTT Technical Research Centre of 

Finland. 

 

− Multiple aspects of various GenIV 

technologies have been studied during 

the project. More info including annual 

reports under “Critical analysis of new 

generation reactors (NETNUC)” at: 

http://www.aka.fi/en-GB/A/Research-

programmes/Ongoing/Susen/Projects/ 

http://www.aka.fi/en-GB/A/Research-programmes/Ongoing/Susen/Projects/
http://www.aka.fi/en-GB/A/Research-programmes/Ongoing/Susen/Projects/
http://www.aka.fi/en-GB/A/Research-programmes/Ongoing/Susen/Projects/
http://www.aka.fi/en-GB/A/Research-programmes/Ongoing/Susen/Projects/
http://www.aka.fi/en-GB/A/Research-programmes/Ongoing/Susen/Projects/


NETNUC research at LUT 1/4 

Pebble Bed Reactor (PBR) modeling 

 

− Reactor physics is modeled using Monte 

Carlo reactor physics code Serpent. 

 

− Packing of spherical fuel elements inside 

the reactor core is modeled using Discrete 

Element Method (DEM). 

 

− Thermal hydraulics is modeled using the 

porous medium solver of the Ansys Fluent 

CFD code. 

Coated fuel particles inside pebble 
(Serpent geometry model). 

Horizontally cut section of the ASTRA 
configuration (Serpent geometry model). 



NETNUC research at LUT 2/4 
Coupled Simulations of PBR 

Coupled TH 
and reactor 
physics 

Pebble 
position data 
to MC reactor 
physics 

Pebble  
position data  
to TH solver 

Local packing 
details (450 000 
pebbles) 

Pebble bed 
geometry model 

Power distribution 

Temperature 
distribution 

TH calculation mesh 

Pebble bed 
packed using 
DEM 

DEM ANALYSIS 

TH ANALYSIS 

REACTOR PHYSICS 
ANALYSIS 



NETNUC research at LUT 3/4 

Condensation modeling 

 

− The experimental work on 
light water reactor thermal 
hydraulics at LUT has 
connections to the research 
on supercritical water cooled 
reactors. 

 

− Calculation efforts include, 
for example, development 
and validation of 
condensation models 
utilizing data from LUT 
POOLEX and PPOOLEX 
experiments modeling BWR 
containment. 

Figure: Rapid condensation of a steam bubble 
in POOLEX facility (above). Simulation of that 
experiment using NEPTUNE code (below). 



NETNUC research at LUT 4/4 

Fuel cycles 

 

− Different advanced nuclear fuel 
cycles are evaluated with different 
sustainability and economic parameters. 

 
− L!9!Ωǎ bC/{{ ǇǊƻƎǊŀƳ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ 
estimation of fuel cycle material and 
service requirements. Radioactivity and 
decay heat calculations for high level 
waste are carried out with Origen 2.2 
software. Life cycle assessment program 
GaBi 4.4 with ecoinvent database is used 
for defining radioactive effluents. 

 
− Lƴ ŀŘŘƛǘƛƻƴΣ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ CƛƴƭŀƴŘΩǎ 
nuclear capacity and nuclear fuel cycle in 
coming years is evaluated. 

Safety function to refrain exothermic 
chemical reactions in nuclear reactors 
 
- Research has been carried out to 
systematically study risks of possible 
chemical reactions having potential to fast 
energy increases in the reactors  
 
- Both LWRs and other Gen III reactors and  
all Gen IV reactor types as well as fusion 
reactors have been considered 
 
 



NETNUC research at Aalto University 1/3 

− Reactor core neutronics 

 

− Effect of radial temperature 

distribution of Gd-doped 

fuel pin on evolution of 

burnup 

 

− Development and 

comparison of depletion 

and time discretization 

methods for burnup 

calculations 

Figure: Power distribution in radial direction 
inside a fuel pin calculated with an 8-step 
temperature distribution within the pin. 



NETNUC research at Aalto University 2/3 

Thorium as nuclear fuel: 

− Equilibrium cycle 
design for thorium-
uranium fuel in BWR 
using CASMO-4E and 
SIMULATE-3 

− Thorium fuel 
performance at high 
burnup using FEMAXI-
6 and analysis of 
cladding requirements 

− Proliferation resistance 
and radiotoxicity 

− Economics of thorium 
fuel cycles Figure: Excess reactivity of five different 

thorium bundles behaves more smoothly than 
a reference uranium bundle in an equilibrium 
cycle BWR. 



NETNUC research at Aalto University 3/3 

Gen-IV technology issues 

− Simulating heat transfer to 

supercritical water with 

modified CFD code 

OpenFOAM 1.7 and 

comparing it to experiments 

− Transmutation possibilities in 

Pb-Bi cooled accelerator 

driven system Myrrha with 

Monte Carlo code FLUKA 

− Review on lead-bismuth 

cooled small modular reactors 

− Safety issues of sodium-

cooled fast reactors 

Figure: Spatial evolution of the radial profile 
of axial velocity component inside the heated 
pipe with supercritical water. The heated, 
expanding fluid close to wall causes M-shaped 
velocity profile. 



NETNUC research at VTT 1/3 

Simulation of fuel burnup 

− VTT has introduced a highly 

accurate and efficient matrix 

exponential method CRAM 

(Chebyshev Rational 

Approximation Method) for 

solving the burnup equations 

and it has been incorporated 

into the VTT-developed 

reactor physics code Serpent 

(http://montecarlo.vtt.fi/) with 

outstanding results. 

Figure: Contour plot of the accuracy of 
CRAM approximation (of order 14) in the left 
complex plane. 

http://montecarlo.vtt.fi/


NETNUC research at VTT 2/3 

 Modelling of fast 

reactor neutronics 

− Sodium cooled fast 

reactor core has been 

simulated with both the 

deterministic fast 

reactor code ERANOS 

and Monte Carlo code 

Serpent. 

Figure:  Neutron energy spectrum in fast and 
thermal reactors illustrating why a specific code is 
required for fast reactor calculations. 



NETNUC research at VTT 3/3: oxidation and creep 

The austenitic steels are currently of interest as potential construction materials for the 
future Gen IV nuclear power plants operating at high temperatures. 

New models for creep rupture and creep 
strain prediction has been established in 
VTT 

Development of new bellow based creep-
fatigue test system  in VTT capable operating at 
HT conditions 



Gen IV material research at VTT 

− Cross-cutting issues are the basis 

− New links for knowledge and data transfer between Gen IV and Gen III 

− Feed-back to the industry on Gen IV research 

− Knowledge improvement and education 

− Material behaviour at high temperature and under irradiation 

− Corrosion and SCC in super critical conditions 

− Mechanical behaviour in several high temperature concepts 

− Unique experimental facilities and modelling routines 

− Advanced autoclave testing technology (SCWR, LWR, doped steam) 

− Creep fatigue bellows technology 

− Creep and creep fatigue testing and modelling 

− Material modelling for life time estimation (oxidation, SCC, creep, creep-

fatigue, ageing mechanisms) 

− ODS development 



Gen IV materials R&D activity at VTT, Research overview 2011  

Forums 

− GIF - Gen IV international forum  

− SCWR M&C 

− EERA nuclear materials 

− European Creep Collaborative Committe (ECCC) 

− NOMAGE4 → Nordic-Gen4 

− OECD NEA working groups 

− SMINS 

− GEN4FIN (since 2004) 

− Link between VTT - universities - industry 

 

 

Euratom projects 

ÁGETMAT 

ÁMATTER  

ÁSCWR-FQT 

ÁSeveral other relevant projects  

National programs: 

Á!ŎŀŘŜƳȅ ƻŦ CƛƴƭŀƴŘΩǎ wŜǎŜŀǊŎƘ tǊƻƎǊŀƳƳŜ SusEn, NETNUC 

ÁSAFIR 2014 (for GENII and III) 

ÁVTT funded IMAGO and modelling frontier programs 

JHR MTR in kind 

ÁMelodie project 
on in-pile testing 
device 

 

 

VTT material research facilities 

Á2 SCW-autoclaves  

Á700°C / 40 MPa 

ÁOxidation, SCC, creep 

ÁBellow loading systems for HT creep / creep-
fatigue tests 

ÁMicrostructural characterisation 

ÁMechanical characterisation 

ÁModelling 

ÁVersatile powder manufacturing and 
solidifaction capabilities, e.g  HIP 



Finnish in-kind contribution to JHR relating to materials 

− JHR construction between 2008-2015, Finland will have a 2% share 

− The MeLoDIE  in-core mechanical loading device is developed by VTT 

and enables application of biaxial stress on a fuel cladding sample with 

full online control and to measure online the biaxial creep under neutron 

flux.  

− Will be installed first in Osiris reactor in Saclay in 2012 

 

 

 



Conclusions 

− State-of–the art research have been carried out in different fields 

 

− Various new young researchers have been educated 

 

− Euratom research projects have been contributed 

 

− The Finnish research strategy on Gen IV is discussed : 

− the needs of Finnish industry as well as 

− the focus of SNE TP work will be taken into account 

− however, the spectrum of research subjects will be versatile also in 

fututre 



Thank you for your attention! 


